Abstract-Due to its popularity and high market demand, critical analysis on agarwood vapour chemical compounds may provide an alternative quality discrimination of agarwood oil. The proposed work involves the extraction of high quality agarwood using headspace volatile divinylbenzene-carboxenpolydimethysiloxane (DVB-CAR-PDMS) solid phase microextraction (SPME) with different sampling time at 15, 30 and 60 minutes. Then, Gas chromatographyMass Spectroscopy (GC-MS) is performed to identify the chemical compounds. Generally, agarwood vapour is rich in terpene group especially monoterpene, sesquiterpene and oxygenated sesquiterpene. Analysis showed that at least 52, 50 and 54 compounds are extracted at 15, 30 and 60 minutes, respectively. Among all, duration of 60 minutes produced the highest abundance (%) for caryophellene oxide. The finding proves that caryophellene oxide as one of the important compounds in high agarwood and different sampling time plays a major role that effects the extraction. Thus, the analysis in this study is significant and brings benefit especially to the agarwood and its essential oil research area.
INTRODUCTION
Agarwood is one of the richest sources of odorants and medicinal components from terpenes group such as sesquiterpenes, sesquiterpenes alcohol, oxygenated compounds and their chromon derivatives [1, 2] . The wood usually is used for incense, perfumery and pharmaceutical industries. Agarwood is traded as wood, wood chips, powder, and oil under several names including agar, aloeswood, eagle wood, gaharu, jinkoh, and kalambak [2] . Arguably, agarwood is the most expensive wood with the cost approximating over USD3000/kg [2] .
The quality of agarwood is generally determined from the chemical composition of its oil [3] . Even the geographical location of the plant growth affects the relative contents of the above compounds in the oil thereby significantly altering the quality. Among several agarwood species [3] , Aquilaria species mainly found in Malaysia is Aquilaria Malaccensis (Thymelaeaceae) and could be planted together with vegetable farms in agro forestry without destroying the ecosystem thereby providing opportunities to be developed with a high degree of sustainability [4] .
The sampling or extraction time has been found as one of the parameters in effecting chemical compounds extraction [3, 5] . In year 2012, this parameter has shown significant influence especially by using SPME technique [5] . Therefore, the objective of this paper is to analyse agarwood vapour chemical compounds using headspace volatile DVB-CAR-PDMS SPME and varying its sampling time at. 15, 30 and 60 minutes.
The rest of the paper is arranged as follows: Section II is Data Extraction and Analysis. It consists of SPME and GC-MS used in this study. Section III describes the general procedures performed for this paper. Section IV presents the Result and Discussion. Lastly, the conclusion for the paper is discussed in Section V.
II DATA EXTRACTION & ANALYSIS
Solid phase micro-extraction (SPME) is one of the latest chromatography techniques to extract volatile compounds from essential oils and incense. The SPME is a sorbent extraction where it is a simple technique, fast and solvent free extraction [6] and it is in small size which can mobile depend on field work [7] . Fig. 1 shows the (a) external and (b) internal view of SPME manual fibre assembly holder. Basically, the fibre is a build of plunger, barrel, needle and fused silica to coat the needle. This technique is a substitute of conventional technique for extracting volatile organic compounds; it is combination step of extract analytes from sample matrix into the fibre coating and forward into an analytical instrument [8] .
Gas chromatography -mass spectroscopy (GC-MS) is a combination two techniques; gas chromatography is for mixture compounds separation and mass spectroscopy for an individual compound characterization. With these combined techniques, GC-MS able to evaluate qualitative and quantitative the mixture compounds [9] . Generally, GC-MS is used for identification and quantitation of mixture compounds (volatile and semivolatile) as well as for unknown compounds structure determination with matching spectra with reference spectra and preceding spectra understanding [9] . external and (b) internal view [7] III. EXPERIMENTAL
A. Sample Preparation
The data collection in this study is obtained from the Faculty of Industrial Sciences and Technology, Universiti Malaysia Pahang (UMP), Malaysia. It is consists of high quality agarwood species of Aquilaria Malaccensis. The agarwood chipwood is gone through several processes before it is being extracted using SPME and GC-MS. The preparation work involved of ground the sample, burnt and dried them with the temperature set at 40 C, in an oven. The process is repeated until a constant weight is achieved.
B. SPME
The extraction of agarwood chipwood was using the solid phase microextraction (SPME). The SPME equipment was purchased from Supelco Inc., Bellefonte, PA, USA. A fibre typed 50/30 m divinylbenzene-carboxenpolydimethysiloxane (DVB-CAR-PDMS), 65 m polydi methylsiloxane-divinylbenzene (PDMS-DVB) utilizing a method of headspace volatile of incense. These methods were adapted from previous study [10] .
Each type of milled sample was weighed 0.2 g, and transferred into a 4mL of clear glass vial with a screw cap and PTFE and silicone septum (Supelco Inc., Bellefonte, PA, USA). Then, the extraction was performed manually by SPME holder. The extraction was executed by exposing 1 cm SPME fibre inside the sample vial, and heated at 40 o C. The sampling was taking 15, 30 and 60 minutes.
C. ANALYSIS OF AGARWOOD VAPOUR
To analyse the agarwood vapour, GC-MS coupled with SPME were carries out. The sample was analysed by using an Agilent 7890 gas chromatography attached with a mass spectrometer detector (Agilent 5975C). The DB-1 capillary column (30 m x 0.25 mm I.D., 0.25 m film thickness) was used. Helium was used as a carrier gas with a flow rate 1.2 ml/min. The injector temperature was set at 220 o C. The manual SPME injector was set in splitless mode using a narrow SPME inlet liner. The oven temperature was programmed at 60 o C initially, and increased at a rate of 3 o C/min to a final temperature of 250 o C and maintain for 5 minutes. Electron impact ionization (EI) mass spectra were collected at 70 eV ionization voltages at range 20-500 u.
The components were identified on the basis of comparison of their retention indices and mass spectra with published data [18] [19] and matching with National Institute of Standards Technology (NIST) librabry. Retention indices also called as Kovats Index (KI) were formulated using a linear line hydrocarbon as recommended by [11] . Table 1 tabulates the chemical compounds and their abundances (%) for agarwood vapour using 15, 30 and 60 minutes sampling time. In general, it can be seen that, agarwood vapour is rich in terpene group especially monoterpene, sesquiterpene and oxygenated sesquiterpene (KI: 830 to KI: 1367). The chemical compounds show differences corresponding to each the sampling times as well as their abundances. At least 52, 50 and 54 compounds were extracted at 15, 30 and 60 minutes, respectively. It is noted that caryophellene oxide exists with the highest abundance for all sampling times. In specific, it is 18.68 % using 15 minutes, 16.63 % using 30 minutes and 21.58 % using 60 minutes. The caryophellene oxide is one of the compounds from oxygenated sesquiterpenes and it remarks as the major compound in high quality of agarwood in this study. This finding has in line agreement with other researcher [12] . In other hand, among these three sampling time, 60 minutes exists as the highest abundances for caryophellene oxide. It presents that fact that sampling time gives positive influences to the equilibrium especially between the analyte concentration in the aqueous phase of the vapour and the polymeric phase of the SPME fibre. This result supports the result by other researcher [5] . Fig. 2 shows the distribution of terpene group in headspace volatile agarwood vapour using 15, 30 and 60 minutes of sampling time. Overall, at sampling time of 15, 30 and 60 minutes, majority of oxygenated sesquiterpenes compounds exist as the highest abundances (%) in which 78.86 %, 66.61 % and 65.22 %, respectively. After that, the result was followed by sesquiterpenes compounds with 4.4 %, 12.01 % and 5.88 % and monoterpenes with abundances of 1.01 %, 1.05 % and 1.03 %. It indicates that among terpene group, oxygenated sesquiterpenes compounds contributed the most and they are highly odoriferous. Generally, it can be seen that there are four consistent peaks vividly appeared using these sampling times. The first peak region exists to the group sesquiterpenes hydrocarbon where the compound isselinene. -selinene yielded 7.42 % at 30 minutes, followed by 3.39 % at 60 minutes and 2.44 % at 15 minutes. The second peak region is from oxygenated sesquiterpenes with the compound is nor-ketoagarofuran. The compound yielded 14.43 % at 15 minutes, 12.24 % at 60 minutes and 10.99 % at 30 minutes. Next, is the third peak region where it is belongs to caryophellene oxide from group oxygenated sesquiterpenes. The abundances of caryophellene oxide are 21.58 %, 18.68 % and 16.63 % at 60, 15 and 30 minutes, respectively. The last peak region is 10-epi--eudesmol and agarospirol from oxygenated sesquiterpenes group. 10-epi--eudesmol has abundances of 15.26 % at 15 minutes and 10.73 % at 30 minutes. After that it is agarospirol with the abundances of 12.50 % at 60 minutes. Here, it is noticed that different compounds exist with different amount of abundances by using different sampling time. It revealed that sampling time of extraction is one of the parameters that give effect to the extraction of agarwood vapour. This finding supports previous by other researcher [5, 13] .
IV. RESULT & DISCUSSION

V. CONCLUSION
Analysis on agarwood vapour using headspace volatile DVB-CAR PDMS SPME with different sampling time has been presented in this study. The results showed that the caryophellene oxide exists as a marker compound in high quality agarwood vapour with the highest abundances among all. Not limited to that, the study proved that sampling time as one of the parameters that influence the extraction. The finding in this paper brings significant and useful especially to the agarwood and its essential oil research area.
